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ABSTRACT 

A  research  Btudy  currently  being  conducted  by  the  U.  S.  Army  Misnllc 
Command  is  aimed  at  developing  a  technique  for  predicting  the  aerodynamic 
characteristics  of  missiles  that  use  lateral  or  transverse  jets  as  the  control 
system.  As  a  part  of  this  study,  an  experimental  test  program  was  conducted 
with  the  use  of  a  body  of  revolution  with  a  lateral  jet  located  at  several  body- 
locations  over  the  Mach  number  range  from  0.  8  to  4.  5.  The  jet  pressure  ratio 
was  varied  between  0  and  100  in  increments  of  20,  and  both  slots  and  circular 
nozzles  were  tested.  The  data  are  presented  in  plots  and  tabular  form,  in 
addition,  short  descriptions  of  two  other  approaches  are  also  presented.  These 
approaches  are  compared  with  the  experimental  data  and  show  agreement  with 
10  to  16  percent. 
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NOMENCLATURE 


General 


N 


m 


D 

DCN,  AC 
DCM,  AC 


N 


m 


'  Ni 


K 

K 


m 


N 


Normal  force  coefficient  (normal  force/q*,  S) 

Pitching  moment  coefficient  about  model  r  e 
(pitching  moment/q^  SD) 

Model  reference  diameter  (ft) 

Incremental  normal  force  coefficient 

Incremental  pitching  moment  coefficient 

Interference  normal  force  ( lb) 

Jet  thrust  (lb) 

Constant,  given  by  Equation  ( 1) 

Moment  augmentation  ratio  (1+  Mj/F^X) 
Force  augmentation  ratio  ( 1  +  T^/F^) 


M, 

M 


M, 

M, 


i 


N 

*V  "oj 

Pw,  PINF 
q« 


s 

V 

X 


p 


Free  stream  Mach  number 
Jet  exit  Mach  number 
Interference  pitching  moment  (ft- lb) 
Momentum  ratio  £( pV2)^t/(  pV!) « J 
Constant,  given  by  Equation  ( 1) 

Jet  total  pressure  (psf) 

Free  stream  static  pressure  (psf) 
Free  stream  dynamic  pressure  (psf) 
Model  cross-sectional  area  (ft:) 
Velocity  (ft/sec) 

Nozzle  location  (ft) 

Density  (slugs/ft5) 


2.  Configuration 
B  Body 


C<  Circular  nozzle  (M  =  1.0) 

1  £ 

C2  Circular  nozzle  (Mg15  2.94) 

F4  Rectangular  fine 

Si  Slot  nozzle  (M  =  1.0) 

e 

Xj  Nozzle  location  (3.000  calibers  aft  of  nose) 


Nozzle  location  (4.  364  cal.bere  aft  of  nose) 
Nozzle  location  (5.  727  caliberB  aft  of  nose) 
Nozzle  location  (2. 000  calibers  aft  of  nose) 


JET  INTERACTION  FLOW  FIELD 


1.  Introduction 


A  considerable  amount  of  interest  in  the  use  and  application  of 
control  devices  that  depend  upon  the  generation  of  a  reactive  force  for  the 
control  ol  missiles  has  been  expressed  by  agencies  of  the  Department  of  Defense. 
Inherent  In  the  use  of  these  devices  is  the  interaction  of  the  jet  flow  with  the 
free  stream  flow  which  is  an  extremely  complicated  process,  as  shown  by  the 
frontispiece.  A  large  amount  of  effort  In  the  past  has  been  expended  toward  an 
understanding  of  the  interaction  process,  but  unfortunately,  these  in  general  have 
been  limited  to  the  two-dimensional  cases  since  they  are  more  amenable  to 
solution.  In  early  1966  the  U.  S.  Army  Missile  Command  decided  to  realign  Its 
efforts  ir.  the  lateral  jet  area  and  to  attempt  to  develop  a  technique  that  would 
permit  direct  application  to  proposed  missiles  in  the  preliminary  design  stage. 
Initially,  a  thorough  literature  survey  along  with  an  analysis  of  all  existing 
methods  was  accomplished  and  reported. '»2 

To  achieve  the  desired  results,  three  approaches  were  selected: 

a)  An  experimental  investigation 

b)  An  empirical  approach  using  correlation  of  the  experimental  data 

c)  A  semi-empirical  or  analytical  approach. 

All  of  the  approaches  were  to  cover  the  Mach  number  range  from  0  to  5,  jet 
pressure  ratios  from  0  to  100  (weak  to  strong  injection) ,  small  angles  of  attack, 
three-dimensional  flow  fields,  and  normal  injection  from  a  single  jet  at 
arbitrary  body  locations  with  the  normal  injection  being  in  the  pitch  plane. 

This  report  will  primarily  present  the  results  from  the  experimental 
phase  of  the  research  project  and  will  only  give  a  short  description  of  the  other 
two  approaches  along  with  some  comparisons  with  the  experimental  data. 


2.  Apparatus  and  Instrumentation 

The  model  used  for  these  tests  was  sting-mounted  and  consisted  of 
a  4-caliber  tangent-ogive  nose  and  a  5-caliber  cylindrical  afterbody.  The 
overall  length  was  12.  375  inches,  and  the  reference  diameter  was  1.  375  inches. 
Interchangeable  nose  sections  were  used  to  vary  the  nozzle  location  and  geometry. 
Both  circular  and  slot  type  nozzles  with  a  sonic  exit  Mach  number  were  tested 
with  body  locations  of  X/D*  3.0,  4.36,  and  5.73  calibers.  In  addition,  two 
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other  circular  nozzles,  one  sonic  and  one  supersonic  I'M  =»  2.94),  were  tested 

e 

at  an  X/D  location  of  2. 0.  For  all  tests,  an  artificial  boundary  layer  trip  was 
installed  on  the  models.  Pertinent  dimensions  are  shown  in  Figure  1,  and 
photographs  of  the  noses  and  tunnel  installations  are  shown  in  Figures  2  through  5. 
For  all  tests,  the  jet  nozzle  exit  was  oriented  in  the  pitch  plane  at  <t>  =  O';  fins 
were  oriented  at  d>  =  0°,  90°,  180°,  and  270'  as  shown  in  Figure  1. 

The  transonic  part  of  the  program  was  conducted  In  the  Arnold  Engineer¬ 
ing  Development  Center  s  1-foot  transonic  tunnel  at  Mach  numbers  between 
0.  8  and  1.5.  A  more  detailed  description  of  this  test  facility  has  been  given 
previously. 3 

The  supersonic  portion  was  carried  out  in  the  U.  S.  Army  Ballistic 
Research  Laboratories  tunnel  No.  1  at  Mach  numbers  between  1. 75  and  4.  5. 1 

The  instrumentation  used  during  the  tests  Was  a  six-component 
internal  strain-gage  balance  designed  so  that  the  lnjectant  air  passed  through 
the  center  of  the  balance.  This  method  results  in  changes  in  measured  forces 
due  to  the  pressurization  of  less  than  1  percent.  In  addition,  the  Jet  chamber 
pressure  and  temperature  were  measured. 


3.  Results  and  Discussion 

a.  Experimental  Program 

Typical  Schlieren  photographs  taken  during  the  series  of  tests  are 
shown  in  Figures  6  through  8.  Figure  €  is  for  injection  from  a  circular,  sonic 
nozzle  into  a  0.8  Mach  number  free  stream,  while  the  other  two  figures  are  for 
sonic  injection  into  a  Mach  number  2. 0  free  stream  from  a  circular  and  a  slot 
type  nozzle,  respectively.  It  is  readily  apparent  from  an  examination  of  these 
figures  that  the  classical  schematic  generally  used  to  depict  the  lateral  Jet  flow 
field  does  not  adequately  describe  the  case  for  injection  into  the  high  subsonic 
free  stream.  This  area  thus  becomes  one  in  which  little  analytical  work  has 
been  done  to  date,  but  which  will  be  pursued  in  more  depth  by  the  Army  Missile 
Command. 

The  data  taken  during  the  tests  were  primarily  the  forces  and  moments 
in  the  pitch  plane.  Plots  of  the  typical  variation  of  these  two  parameters  with 
angle  of  attack  for  several  jet  pressure  ratios  are  shown  in  Figures  9  and  10  for 
a  free  stream  Mach  number  range  between  0. 8  and  4.  5.  For  the  force  data, 
most  of  the  curves  retain  the  same  slope,  at  a  constant  Mach  numbe  :  over  the 
±2-degree  angle  of  attack  range,  regardless  of  jet  pressure  ratio.  This  allows 
the  data  to  be  represented  by  the  basic  slopes  plus  the  incremental  force  or 
moment  at  zero  angle  of  attack. 
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The  variations  of  the  incremental  force  and  moment,  for  one  typical 
nozzle  shape  and  location  .are  plotted  as  a  function  of  jet  pressure  ratio  for  all 
free  stream,  test  Mach  numbers  in  Figures  11  and  12.  The  complete  set  of  incre¬ 
mental  data  is  presented  in  the  appendix. 

One  parameter  that  was  used  in  an  early  attempt  to  obtain  a  linear 
variation  of  the  augmentation  ratios  was  the  momentum  ratio,  which  varied  with 
jet  pressure  ratio  (Figure  13).  The  variation  of  K^,  and  K  as  a  function  of  the 

momentum  ratio  is  shown  in  Figures  14  and  15  for  a  circular  and  a  slot  nozzle, 
respectively.  Note  that,  for  all  Mach  numbers  except  4.5,  the  indications  are 
that  the  jet  causes  an  interference  such  that  a  degradation  in  control  force  and 
moment  occurs.  Also,  the  slot  type  nozzle  causes  a  larger  amount  of  degrada¬ 
tion  than  the  circular  nozzle,  but  this  may  be  caused  by  the  larger  frontal  area 
of  the  slot  jet.  In  general,  the  data  did  not  exhibit  the  linear  variation  desired 
with  the  use  of  momentum  ratio  us  one  parameter.  Further  efforts  to  obtain  a 
satisfactory  correlation  of  the  data  were  carried  out  and  are  discussed  in  the 
following  section. 


b.  Empirical  Correlation 

Ah  empirical  correlation  technique  was  pursued  concurrently  and 
has  been  described  fully. 5  Basically,  this  technique  was  a  curve-fitting  routine 
of  the  experimental  data  (Figures  14  and  15) .  The  parameters  that  were  used 
are  the  momentum  ratio  and  the  force  augmentation  ratio  The 

most  consistent  behavior  in  the  variations  of  the  data  was  obtained  when  the 
augmentation  ratio  was  multiplied  by  the  momentum  ratio  and  then  plotted 
versus  the  momentum  ratio.  This  resulted  in  a  set  of  linear  curves  that  inter¬ 
sected  the  X-axis  at  different  points  and  which  had  different  slopes.  By  a  shift 
of  the  curves  to  the  zero  origin  and  by  a  rotation  of  the  curves  to  the  common 
slope  of  2.  0,  the  following  empirical  relationship  was  derived  which  is  the  most 
satisfactory  representation  of  the  test  data: 


2  oknmr 

1+KM.„ 


Mr  -  N/e  M. 


(1) 


The  variation  of  K  and  N  is  showm  in  Figure  16  for  all  the  available  test  data. 
The  values  calculated  by  the  empirical  technique  in  Equation  (1)  are  compared 
to  the  corresponding  experimental  data  in  Figure  17  and  show  an  accuracy  band 
of  ±10  percent. 
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c.  Supersonic  Analogy 


An  analogy  haa  been  developed  based  upon  an  equivalent  body 
technique.  Basically,  a  body  diameter  ia  determined  baaed  upon  conservation 
of  momentum  principles  such  that  the  change  in  longitudinal  component  of 
momentum  must  be  balanced  by  the  drag  acting  upon  the  equivalent  body.  Once 
the  equivalent  body  has  been  determined,  a  method  of  characteristics  solution 
is  obtained  for  the  equivalent  body  which  is  then  located  on  the  jet  center  line 
at  the  equivalent  body  radius  above  the  Jet  exit.  The  equivalent  body,  as  shown 
in  Figure  18,  is  a  sphere-cylinder  combination  that  replaces  the  lateral  jet. 

The  equivalent  body  characteristics  net  intersection  with  the  missile  body  is 
solved  and  the  resultant  pressures  are  integrated  to  yield  the  interference 
forces  and  moments.  Cassell  et  al.  *  provide  a  more  complete  description  of 
this  technique. 

Figures  19  and  20  show  a  comparison  of  the  results  from  this  technique 
as  compared  to  some  of  the  experimental  data.  The  general  trends  exhibited 
by  the  analogy  appear  to  be  correct  while,  at  the  same  time,  the  magnitude 
appears  to  be  in  error  by  from  11  to  16  percent.  Accuracies  of  this  order  are 
generally  considered  acceptable  for  the  normal  parametric  studies  during 
preliminary  design  programs.  Further  improvements  are  being  investigated  at 
the  present  time. 
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FIGURE  1.  PERTINENT  MODEL  DIMENSIONS 


FIGURE  7.  SCHLIEREN  PHOTOGRAPHS.  ?.l  =  2.0,  CIRCULAR  NOZZLES 
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FIGURE  11.  TYPICAL  VAR  LOTION  OF  INCREMI 
COEFFICIENT  WITH  JET  PRESSURE  RATIO 
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FIGURE  14.  VARIATION  OF  AND  AS  A  FUNCTION  OF  MOMENTUM  RATIO 
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FIGURE  16.  VARIATION  OF  THE  PARAMETERS  K  AND  N  WITH  BODY  POSITION 
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BOW  SHOCK  FROM  EQUIVALENT  BODY 


FIGURE  ’8.  MODEL  FOR  EQUIVALENT  BODY  ANALOGY 


FIGURE  19.  COMPARISON  OF  INCREMENTAL  FORCE  DATA 


FIGURE  20.  COMPARISON  OF  INCREMENTAL  MOMENT  DATA 
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.8046 

.8145 

.8727 

.8353 

.8967 

.7135 

.6712 

.  7767 

.7707 

.8149 

.8337 

.  8448 

.8662 

.8616 

.8959 

..83  14 

.  3646 

.8340 

.5388 

.8449 

.6079 

.8715 

.6322 

.8859 

.6828 

.8756 

.5734 

.9720 

.6353 

.9685 

.5478 

1.0342 

.6187 

1.0550 

.7174 

1.3262 

.6598 

1.1511 

.6771 

1 . 05 1 8 

.6433 

1 .1262 

.6577 

1.1438 

.8009 

31 


COi'lf- 1  GUR  AT  I  tj  •* 


RCl  XB 


32 


CONFIGURATION  BS1X1 


to 

POJ/PINF 

CCN 

DC 

KN 

Krt 

.800 

19,90 

-.0985 

.0900 

.3097 

.0943 

.800 

40.00 

-.0974 

-.4400 

.  1492 

-.2247 

.800 

49.80 

-•  2  L 1 6 

-.2100 

.2594 

-.0858 

.800 

59.80 

-.3373 

.1100 

.3434 

.0373 

.800 

69.60 

-.4663 

.4300 

.4072 

.1251 

.900 

20.00 

1090 

.2400 

.4315 

.  3167 

.900 

40.00 

-.1638 

.1200 

.3177 

.0775 

.900 

59.70 

-.4139 

.7700 

.5343 

.3313 

.900 

69.30 

-.5378 

1. 1600 

.5970 

.4292 

1.000 

19.90 

-.1104 

.3500 

.5424 

.5732 

1.000 

40.00 

-.2746 

.8200 

.6575 

.6545 

1.000 

59.90 

-.4468 

1.3500 

.7097 

.7148 

1.000 

79.70 

-.6285 

1.8900 

.7478 

.7496 

1.300 

19.80 

-.0610 

.  1600 

.5091 

.4451 

1.300 

39.70 

-.1454 

.3700 

.5929 

.5029 

1.300 

59.50 

-.2495 

.6700 

.6743 

.6036 

1.300 

79.30 

-.3595 

1.0200 

.7266 

.6872 

1.300 

99.50 

-.4776 

1.4100 

.7677 

.7555 

1.500 

20.00 

-.0779 

.1500 

.8566 

.5498 

1.500 

39.90 

-.1567 

.4000 

.8464 

,7202 

1.500 

59.80 

-.2387 

.6600 

.8545 

,78/6 

1.500 

79.90 

-.3238 

.9500 

.8647 

.8456 

1.500 

99.90 

-.4195 

1.3000 

,8942 

.9237 

1.750 

20.00 

-.0484 

.1420 

.7244 

.7085 

1.750 

40.10 

-.1078 

.3350 

.7885 

.8168 

1.750 

60.10 

-.1732 

.5320 

.8397 

.8597 

1.750 

80.00 

-.2359 

.7500 

.8563 

.90/5 

2.000 

19.90 

-.0386 

.1050 

.7586 

.6878 

2.000 

40.00 

-.0854 

.2450 

.8180 

.7822 

2.000 

60.10 

-.1357 

.4020 

.8593 

.8485 

2.000 

80.00 

-.1857 

.5650 

.8805 

.8930 

2.000 

100.00 

-.2399 

.7450 

.9082 

.9401 

3.000 

20.00 

-.0240 

.0500 

1.0557 

.7331 

3.000 

40.00 

-.0437 

.0880 

.9418 

.6321 

3.000 

59.90 

-.0674 

.1450 

.9635 

.6909 

3.000 

80.00 

-.0915 

.2140 

.9761 

.7610 

3.000 

99.90 

-.1152 

.2780 

.9822 

.7901 

4.000 

19.90 

-.0206 

.0400 

1.6193 

1.0481 

4.000 

40.00 

-.0336 

.0700 

1.2873 

.8940 

4,000 

59.90 

-.0487 

.0950 

1.2377 

.8048 

4.000 

79.90 

-.0642 

.1380 

1.2191 

.8735 

4.000 

99.80 

-.0797 

.1780 

1.2093 

.9003 

4.500 

19.40 

-.0102 

.0050 

1.04 20 

.1702 

4.500 

38.60 

-.0240 

.0350 

1.2005 

.5836 

4.500 

59,90 

-.0408 

.0780 

1.3124 

.8363 

4.500 

79.80 

-.0536 

.1050 

1.2699 

.8422 

4.500 

100.00 

-.0630 

.1350 

1.2074 

.8624 
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CONF  I  OUR  A  T  I  Uiv  8  S  1 X  2 


n 

POJ/PlnF 

DCM 

UC  M 

K  0 

KM 

.800 

19.80 

- .  1 303 

.  4000 

.4118 

.  289  7 

.800 

39.50 

-.1869 

.2000 

.290  1 

.071  1 

.800 

59.40 

-.4160 

1.0400 

.4265 

.  2463 

.800 

79.00 

-.7020 

2.2700 

.5393 

.  399  7 

.800 

97.40 

-.9870 

3.4500 

.6139 

.4417 

.900 

19.60 

-.1249 

.4300 

.  5049 

.  3984 

.900 

39.60 

-.1957 

.  4000 

.  3«3  5 

.  17  46 

.900 

59.70 

-.3752 

1 .0700 

.4844 

.3165 

.900 

79.50 

-.6190 

2.0600 

.  5981 

.4561 

.900 

98.30 

-.8745 

3.2600 

.6820 

.5827 

1.000 

19.80 

-. 1904 

.  8300 

.  940  3 

.9394 

1.000 

39.60 

-.3473 

1.4500 

.8402 

.  8U39 

l.OCO 

59.50 

-.5189 

2. 1400 

.  8298 

.  7843 

1.000 

78.60 

-.6903 

2.8600 

.8330 

.7909 

1.000 

98.80 

-.8807 

3.6400 

.  8437 

.  7991 

1.300 

20.00 

-.0715 

.3200 

.5905 

.6057 

1.300 

39.70 

-.1691 

.  7600 

.6896 

.7102 

1.300 

59. 50 

-.2780 

1.2700 

.7513 

.  7bfa6 

1.300 

79.30 

-.3965 

1.7900 

.8014 

.1)291 

1.300 

99.20 

-.4992 

2.2100 

.8049 

.8166 

1.500 

20.10 

-.0659 

.2200 

.  7209 

.5515 

1  .bOO 

39.80 

-.1514 

.5300 

.8199 

.6577 

1  .500 

59.60 

-.2258 

.8200 

.8111 

•  6  750 

l.bOO 

79.80 

-.2361 

1  .  130!) 

.6313 

.6924 

1  .500 

99.60 

-.3958 

1 . 5500 

.  8462 

.7594 

1.7bO 

20.00 

-.0449 

.  1650 

.6720 

.5659 

1 .7b0 

40.00 

-. 1021 

.4030 

.  7487 

.6772 

1 .7S0 

60.10 

-. 1 62  H 

.6700 

.  7893 

.7444 

1 . 7bO 

80.00 

-.2219 

.91  50 

.8055 

.7612 

2.000 

19.90 

-.0353 

.1190 

.693  7 

.5359 

2.000 

40.00 

-.0797 

.2950 

.  7634 

.  6475 

2  .000 

60.00 

-. 1253 

.4830 

.7948 

.7021 

2.000 

79.90 

-.174  1 

.  6850 

.  8266 

.  7452 

2.000 

99.80 

-.2196 

.8750 

.8330 

,  7 606 

3.000 

20.00 

-.0208 

.  0650 

.9149 

.  6552 

3.000 

40,00 

-.0398 

.  1 1  b() 

.8577 

.  5674 

3.000 

60.00 

-.0628 

.2000 

.8963 

.6541 

3.000 

80.00 

-.0875 

.  3020 

.9338 

.  7383 

3.000 

99.90 

-. 1 105 

.  3940 

.  942  1 

.  7698 

4.000 

20.  10 

-.0162 

.0430 

1 .2603 

.8022 

4.000 

39.90 

-.0280 

.  0820 

1.0755 

.7218 

4.000 

59 .9(1 

-.0411 

.  1  380 

.  1  • 044  3 

.8037 

4.000 

HO  .00 

-.0573 

.  1«00 

1 .086  l 

.7  r.  2  3 

4.000 

96.50 

-.0722 

.2820 

1.1333 

.4064 

4.000 

99 ,7G 

-.0752 

.2630 

1.1422 

.4154 

4.500 

19.40 

-.0130 

.0400 

1'.  328  1 

.9  36b 

4. SOO 

38.80 

-.0236 

.0680 

1  .  1  81)3 

.  77  4b 

4  .SOO 

60  •  00 

-.0367 

.1150 

1.1 756 

,8463 

4.  bOO 

79.90 

-  .0468 

.  1  5,)i 

1  .  1248 

.826? 

4  .bOO 

100.00 

-.0597 

.  1920 

1.1441 

.8432 
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CONFIGURATION  RS1X3 


h 

POJ/PINF 

.800 

20.00 

.800 

39.90 

.800 

59.60 

.800 

79.00 

.800 

94.70 

.900 

19.90 

.900 

4C.00 

.900 

60.00 

.900 

79.80 

.900 

99.70 

1  .000 

19.80 

1.000 

39.60 

1.000 

59.60 

1.000 

79„40 

1  .000 

92.40 

1.300 

20.00 

1.300 

39.90 

1.300 

59.90 

1.300 

79.90 

1.300 

99.50 

1.300  ■ 

70.00 

1.500 

39.60 

1.300 

59.40 

1.300 

79,80 

1.500 

100.00 

1.750 

70.00 

1.750 

40.00 

i  .  750 

60.00 

1.750 

79.90 

7.000 

70.00 

7.000 

40.00 

7.000 

60.00 

7.000 

80.10 

7.000 

99.90 

3.000 

20.00 

3 . 000 

40  .00 

3.000 

60.00 

3,000 

79,90 

3.000 

99.80 

5.000 

70.20 

5.000 

39,90 

5 . 000 

39.90 

5.000 

HO. 30 

5 . 000 

99.90 

5.500 

78.60 

5.300 

37.10 

5, 300 

86.10 

5.300 

1 13  .00 

5.500 

70.00 

5.300 

40.30 

4.300 

39.90 

4.3C0 

79.90 

4.300 

.00.00 

DC  N 

DCM 

-.1615 

.  7300 

-.2197 

.  7400 

-.4996 

2. 1600 

-.7829 

3.7000 

-1.0019 

4.9600 

-.1297 

.6100 

-. 1980 

.6500 

-.3920 

1.6200 

-.6118 

2.7800 

-.8750 

4.2400 

-..'131 

.6000 

-.2788 

1.4700 

-.4482 

7.3500 

-.6218 

3.2600 

-. 740 H 

3.8900 

-.0634 

.3100 

-.  1610 

.8400 

-.2615 

1.3800 

-.3670 

1.9800 

-.4708 

2.5600 

-.0739 

.2  700 

-.1338 

.6300 

-.2245 

1.0700 

-.2980 

1.4800 

-.3928 

1.9600 

-.0413 

.  1  900 

-.0956 

.4750 

1573 

.7750 

-.7134 

1.0950 

-.0315 

.  1  320 

-.0756 

.  3520 

1189 

.5780 

-. 1655 

.8920 

-.2120 

1. 1400 

-.0209 

.0820 

-.041? 

.1790 

-.064  ) 

.2990 

-.0904 

.4420 

-.1116 

.5530 

-.0  107 

•  04  00 

-.0239 

.1030 

-.0401 

.  1  880 

-.0538 

.7920 

-.0774 

.  3W50 

-.0119 

.0450 

- .0286 

.1300 

-  .0  500 

.2430 

-.0  70  7 

.3650 

-.0092 

.03  30 

-.0215 

.0980 

-.0330 

.1600 

-.04/0 

.2320 

-.0604 

.  3  1 00 

KM 

KM 

.5051 

.3987 

.  3373 

.1985 

.5105 

.3653 

.6015 

.4963 

.6411 

.5541 

.5161 

.4238 

.3840 

.2201 

.  503  5 

.  3633 

.3889 

.4672 

.6728 

.3692 

.5684 

.5174 

.6745 

.6209 

.7155 

.6551 

.7427 

.6798 

.7592 

.6961 

.  5736 

.4470 

.6532 

.3950 

.  7020 

.6468 

.7361 

.6934 

*  7 56 8 

.7183 

.8126 

.  3  1 84 

.  7283 

.3987 

.8092 

.6734 

.7908 

.6909 

.8364 

.7287 

.6211 

.4963 

.7010 

.6082 

.  7406 

.6371 

.7756 

.6949 

.6158 

.4305 

.7241 

.5887 

.  7542 

.6401 

.7837 

.7375 

.8033 

.7343 

.9193 

.6298 

.8879 

.6735 

.9262 

.7431 

.9636 

.8243 

.9523 

.8241 

.8281 

.  3403 

.9180 

.69U8 

1.0191 

.8  34? 

1.1082 

•  9c  09 

1.173? 

) .0434 

.8135 

.3371 

.9637 

.  7 664 

1.1144 

•  93  34 

1 .1770 

1 .0610 

.9103 

.6048 

1.0372 

.8255 

1  •  0  6 ' 5 

.8986 

1 .1296 

.9736 

1.1373 

1 .0 
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CONFIGURATION  BC1X4 


M 

POJ/PINF 

•  aoo 

10.00 

•  800 

20.20 

.800 

30.00 

.800 

39.90 

.800 

49.80 

.900 

20. 10 

.900 

30 .00 

.900 

4C  .00 

.900 

50 .00 

.900 

60  .00 

1.000 

19.80 

1.000 

40  .00 

l.ooo 

49.80 

1.000 

59.80 

1.000 

69.70 

1.300 

20.00 

1.300 

4».00 

1.300 

60.00 

1.300 

79.90 

1.300 

89.90 

1.300 

20.10 

1.300 

39.60 

1.500 

9  •  50 

1  .500 

.70 

1.300 

99.80 

1.75C 

20.00 

1.750 

■  39.90 

1.750 

60.00 

1.750 

80.  10 

2.000 

20.00 

2 .000 

40.20 

2.000 

60.20 

2.000 

80.30 

2.000 

100.00 

3.000 

20.00 

3.000 

40,00 

3.000 

59.90 

3.000 

80.00 

3  .000 

100,00 

4.000 

20. CO 

4.000 

39.90 

4.000 

69. 9C 

4.000 

79.80 

4.000 

95.60 

4.500 

20.00 

4.500 

40.10 

4.500 

6  0.40 

4.500 

80.60 

4.500 

100. CO 

DC  N 

DC  M 

-.0887 

.2300 

-.  1882 

.4400 

-.2927 

.6300 

-.4011 

.8500 

-.5112 

1 .0200 

-.1507 

.  3500 

-.227 2 

.5000 

-  .  30  6  1 

.60011 

-  .  38  9  4 

.  74(l,l 

-.4710 

.8500 

1214 

.2700 

-.2646 

.5900 

-.3395 

.7400 

-.4192 

.8900 

-.5049 

1 .0900 

-.0581 

.1000 

-. 1386 

.2500 

* .2226 

.3800 

-.3192 

.6200 

-.3604 

.7200 

-.0798 

.2600 

-.  1456 

.42  00 

-.2181 

.5900 

-.2900 

.  7400 

-.3641 

.8700 

-.0430 

.1020 

-.0903 

.1980 

-. 1475 

.  3381) 

-.  20H7 

.4590 

-.0349 

.  0800 

-.0753 

.1700 

1200 

.  2  7  50 

-.1633 

.  3600 

-.2055 

.4750 

-.0164 

.0020 

-.0366 

.0400 

-.0571 

.0720 

-.0782 

.1120 

-.099  1 

.  1500 

-.0112 

-.0100 

-.0232 

.0080 

-.0369 

.022'-, 

-.0503 

.  04  2  0 

-.063  7 

.  0  7  00 

-.0093 

-.0120 

- . 0 184 

-.01 00 

-,02«8 

-  .  u 3  80 

-.0364 

-.0050 

-.0477 

.0100 

K  N 

KM 

.5  786 

•  7bO? 

.5826 

.68  10 

.6021 

.6480 

.6162 

•  6b  30 

.6268 

.  6^  b  3 

.  5935 

.0892 

.5916 

•  obv)9 

.6537 

.0814 

.  6  *  •  i  6 

•  b  (  1  h 

.6050 

•  D4b4 

.5596 

•  66  6  7 

.6336 

.7064 

.6504 

.7088 

.66  70 

.7080 

.6879 

.7426 

.  4799 

.4130 

.5609 

.  5058 

.  5965 

.  5092 

.6402 

.62  18 

.6417 

.6410 

.8730 

1.3675 

.  7925 

1.1431 

.7848 

1.0613 

.  7  764 

.9406 

.7764 

.9282 

.  6436 

.  7633 

.6639 

.  7278 

.7163 

.  8207 

.  7 5 06 

.  9046 

.6823 

.  7820 

.71  76 

.8  100 

.  7  5  8  n 

.  8692 

.7713 

.8502 

.  793  1 

.845  1 

.7214 

.0439 

.  7888 

.4310 

.8163 

.5146 

.  b~  42 

.  39  74 

.*44  1 

.6^88 

»  8  7  6  * 

-.  3410 

.8511 

.1937' 

.  92  7n 

.2/45 

.9564 

.3  4  3 

.  96  m  5 

.  3  32  1 

.920'- 

-.3438 

,  08  99 

2  4i 8 

.7510 

-  .  6  C  8  O 

.867  1 

-.0395 

.9141 

.0428 
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ii 


I 


f 


C0i\8lGU9ATIUN  BC2XA 


POJ/iMnF 


.  bOQ 

14.60 

,6  00 

39.90 

,600 

o9 .70 

,  r.  00 

64  .  -0 

,  6  00 

5'9 .40 

.900 

19.o0 

,400 

49  .-iO 

,  v  0  0 

59 .70 

.9  00 

64.70 

.900 

100.30 

1.000 

20.00 

1,000 

40 .00 

1.000 

59 .80 

1.000 

59  .80 

1.000 

94.00 

1.  1U0 

19.70 

1.100 

39.60 

1.  100 

59  .60 

1  LOO 

79  .60 

1.100 

99 .80 

1  .300 

20. 10 

1.300 

49.90 

1.300 

59.90 

1.300 

79.90 

l  .300 

89.60 

1.500 

19.90 

1.5  00 

39.70 

1.500 

59.70 

1.500 

79.40 

1.500 

99.30 

1.7  50 

20 .00 

1.750 

60.10 

1.750 

60.20 

1.750 

60.20 

7  .000 

20.00 

2 .000 

40.20 

2.000 

60.30 

2  •  000 

-0.20 

2.000 

100.00 

3.000 

2  0.00 

3  .000 

40. 10 

3  .  COO 

60.00 

3.000 

-0.10 

1  .CO- 

ICO.  00 

it  ,000 

19.50 

4 . 000 

40  ,00 

4.000 

59.90 

4.000 

80.00 

4.000 

100 .00 

4.500 

16.30 

4 , 5  CO 

36.99 

4 ,600 

6  3. 40 

4 , 5  00 

73.40 

4,40 9 

52.70 

OCG 

l)C  M 

.06  71 

.  2600 

.1988 

.  5700 

.3085 

.6500 

.33  74 

.940(1 

.5271 

1 . -300 

.0649 

.2000 

.1523 

.  44  00 

.  2  3  *-2 

.  65oo 

-.3414 

.9400 

-.4090 

l. 1000 

-.0513 

.  1400 

-.1191 

.3500 

-.1898 

.  5200 

-.2586 

.7200 

-.3082 

.8600 

-.0421 

.  1500 

-.1001 

.  3400 

-.1575 

.5000 

-.1769 

.6700 

-.2678 

.6100 

-.0209 

.0500 

-.0550 

.  1200 

-.0956 

.2200 

-.1341 

.3300 

-.1550 

.3700 

-.0378 

.  1400 

-.0684 

.2200 

-.1016 

.3400 

-.1314 

.  4400 

*•»  1  t 0 

.  56(n) 

-.0137 

.0400 

-.0319 

.0900 

-.0527 

.  1500 

-.0776 

.2260 

- .0098 

.0180 

-.0223 

.0380 

-.0365 

.0980 

-  .0563 

.1550 

- .0760 

.2100 

-  .  00  49 

.  0030 

-.0092 

.0100 

-  .  0  1  5  h 

.  0300 

-.0226 
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